Osteoporosis is a skeletal disorder characterized by decreased mass and compromised bone strength predisposing to an increased risk of fractures. Although idiopathic osteoporosis is the most common form of osteoporosis, secondary factors may contribute to the bone loss and increased fracture risk in patients presenting with fragility fractures or osteoporosis. Several medical conditions and medications significantly increase the risk for bone loss and skeletal fragility. This review focuses on some of the common causes of osteoporosis, addressing the underlying mechanisms, diagnostic approach and treatment of low bone mass in the presence of these conditions.
Introduction
Osteoporosis is a skeletal disorder characterized by low bone mass and microarchitectural deterioration of the skeleton leading to bone fragility and a predisposition to fractures. Osteoporosis is a major cause of morbidity and mortality, particularly in post-menopausal women and older men. While the pathogenesis of the bone loss and skeletal fragility is not well understood, estrogen deficiency plays a role in both sexes. It is classified as primary osteoporosis when it occurs in post-menopausal women and in men in the absence of an underlying disease, and it is age-related. Secondary osteoporosis is defined as low bone mass with microarchitectural alterations in bone leading to fragility fractures in the presence of an underlying disease or medication (1) .
Secondary osteoporosis can be present in pre-and post-menopausal women and in men. Up to 30% of post-menopausal women and 50-80% of men are found to have factors contributing to osteoporosis when undergoing an evaluation for underlying causes of the disease (2, 3) . It is important to exclude secondary causes of osteoporosis as the treatment of these patients may differ, and its response may be limited if the underlying disorder is unrecognized and left untreated. For example, alendronate has a reduced efficacy in post-menopausal women with osteoporosis receiving thyroid-stimulating hormone (TSH)-suppressive doses of levothyroxine (L-T 4 ) for the management of differentiated carcinoma of the thyroid (4) . Similarly, gain in bone mineral density (BMD) is greater in post-menopausal women with hypercalciuria receiving a bisphosphonate along with indapamide to treat the hypercalciuria, than in patients receiving a bisphosphonate alone (5) . Some of the common conditions associated with osteoporosis and increased risk of fractures are listed in Table 1 . Certain drugs may also increase the risk of bone loss and fractures (Table 2) , and bone health issues should be considered when prescribing these medications.
In this review, common causes of secondary osteoporosis and the underlying mechanisms of bone loss are presented. Genetic conditions that directly affect the skeleton, such as osteogenesis imperfecta, are associated with an increased risk of fractures and were recently reviewed in the journal, so they are not included in this review (6) .
Endocrine causes of osteoporosis
Glucocorticoid-induced osteoporosis " Glucocorticoidinduced osteoporosis (GIO) is the most common form of secondary osteoporosis. Although endogenous hypercortisolism or Cushing's syndrome can be associated with bone loss, most of the patients suffering from GIO receive glucocorticoids for the treatment of a variety of diseases. A fundamental point to recognize is that glucocorticoids are often administered to patients with inflammatory and autoimmune disorders, and the underlying disease itself is frequently a cause of osteoporosis. Inflammatory bowel disease (IBD), rheumatoid arthritis (RA) and systemic lupus erythematosus (SLE) are associated with bone loss due to the systemic release of inflammatory cytokines with significant effects on bone remodeling. In fact, older women with high inflammatory burden are at an increased risk of hip fractures (7) . Glucocorticoid administration itself is associated with side effects, including osteoporosis and their use is characterized by a significant increase in fractures. Approximately 250 000 men and women take long-term glucocorticoids in the UK and are at a significantly increased risk of osteoporotic fractures and hip fractures independent of prior fractures (8) . The cumulative dose and duration of glucocorticoid exposure are determinants of the risk of fractures (9) . However, prolonged exposure to doses of prednisolone as low as 2.5-5 mg daily are associated with an increased risk of hip and vertebral fractures; a risk that increases with higher doses of prednisolone (10) . Pre-menopausal women are protected, to some extent, from the detrimental actions of glucocorticoids on the skeleton, and post-menopausal women are at a greater risk of fractures. Indeed, no fractures were observed in pre-menopausal women in the alendronate intervention trial in either placebo or alendronate treated subjects with GIO (11) . This may be because pre-menopausal women have a healthier skeleton than post-menopausal women when started on glucocorticoids. Importantly, the risk of fractures following intermittent glucocorticoids is modest and the risk decreases after discontinuation of glucocorticoids, suggesting that short-term exposure to these steroids does not have major detrimental effects on bone structure (12) . Inhaled glucocorticoids have minimal effects on bone metabolism due to their limited absorption (13) .
Glucocorticoids have both direct and indirect effects on bone metabolism (14) . By blocking vitamin D actions on calcium absorption, glucocorticoids may cause transient decreases in serum calcium and modest increases in the serum levels of parathyroid hormone (PTH). Table 1 Common diseases associated with osteoporosis.
However, secondary hyperparathyroidism does not explain the bone loss following glucocorticoid treatment, and serum PTH levels are not in the hyperparathyroid range. During the period of initial exposure to glucocorticoids, there is an increase in bone resorption, which is most likely responsible for a rapid decline in BMD and initial increase in fracture risk. The mechanism by which glucocorticoids enhance bone resorption is an induction of receptor activator of NF-KB ligand (RANKL) and of macrophage stimulating factor (MCSF), both required for osteoclastogenesis, and a decrease in the RANKL decoy receptor osteoprotegerin (OPG) (15) . Glucocorticoids, however, may inhibit osteoclast bone degrading capacity and disruption of glucocorticoid receptor in osteoclast precursors not only reverses these effects of glucocorticoids but also protects from their inhibitory effects on bone formation (16) . As skeletal exposure to glucocorticoids continues, bone formation is suppressed and a state of decreased bone remodeling ensues. The mechanism involves direct effects of glucocorticoids on cells of the osteoblastic lineage; cell number decreases because of an inhibition of osteoblast precursor cell replication and differentiation, and an increase in osteoblast apoptosis. In the presence of glucocorticoids, mesenchymal cells are directed toward cells of the adipocytic lineage instead of toward osteoblasts (17) . A mechanism by which glucocorticoids inhibit osteoblast cell differentiation is by opposing Wnt/b-catenin, and Wnt is a critical regulator of osteoblastogenesis and also an inhibitor of bone resorption (18, 19) .
Glucocorticoids not only deplete the osteoblast cell population but also inhibit mature osteoblast function directly, and indirectly by suppressing the expression of insulin-like growth factor 1 (IGF1) by skeletal cells (20, 21, 22) . Glucocorticoids decrease the secretion of growth hormone (GH) and may alter the GH/IGF1 axis and also inhibit the release of gonadotropins, and as a result decrease estrogen and testosterone production and cause hypogonadism and bone loss (23, 24) . Osteocytes are mechanosensors that play a role in the repair of bone microdamage, and glucocorticoids induce their apoptosis (22) .
11 Beta-hydroxysteroid dehydrogenases (11b-HSDs) are isoenzymes that catalyze the interconversion of hormonally active cortisol and inactive cortisone and can regulate glucocorticoid activity (25) . 11b-HSD1, a low affinity NADPH-dependent enzyme, is a bidirectional dehydrogenase/reductase, although it displays primarily reductase activity, converting cortisone to cortisol (26) . 11b-HSD1 is widely expressed in glucocorticoid target tissues, including adult bone, and activates inactive glucocorticoids to facilitate glucocorticoid action. Glucocorticoids enhance 11b-HSD1 mRNA expression and activity in human osteoblasts and non-skeletal cells, and the effect could result in the amplification of the cellular actions of glucocorticoids in osteoblasts, where the enzyme may act as a positive autoregulator of glucocorticoid action (27, 28, 29) .
Fractures in the context of GIO occur frequently at sites rich in cancellous bone, such as vertebrae and femoral neck, and vertebral fractures are often asymptomatic (30) . A direct relationship between BMD and fracture risk in GIO has not been established, and post-menopausal osteoporosis diagnostic criteria should not be applied to GIO. Indeed, fractures in the context of glucocorticoid exposure occur at higher BMD values than in postmenopausal osteoporosis, and therapeutic intervention should be considered at T-scores that are in the osteopenic range (31, 32) . FRAX, a computer algorithm that calculates the 10-year probability of major osteoporotic and hip fractures, can be used to estimate fracture risk in GIO. However, its value is limited by the fact that the use of glucocorticoids is entered as a dichotomous risk factor without consideration to the dose or length of exposure to glucocorticoids. Ways to correct for this limitation have been proposed, but their value has not been fully tested (8, 33) . Changes in biochemical markers of bone turnover are dependent on the stage of the disease and have limited diagnostic value. Following high dose administration of i.v. glucocorticoids, there is an early and persistent decrease in bone formation markers and a transient increase in bone resorption markers (34). Markers of bone formation such as serum osteocalcin also are suppressed in patients with endogenous Cushing's syndrome (35) .
Administration of supplemental calcium and vitamin D, use of the minimal effective dose of gucocorticoids to control the underlying disease and lifestyle changes are all recommended in the management of GIO (31, 36) . Glucocorticoids oppose the effects of vitamin D on calcium absorption, although the mechanisms are poorly understood. In vitro studies have shown that glucocorticoids can increase or decrease the expression of the vitamin D receptor, suggesting that other mechanisms may be responsible for these effects of glucocorticoids (37, 38) . Subjects receiving glucocorticoids may require higher doses of vitamin D 3 daily, but calcium and vitamin D supplementation alone may not prevent the detrimental effects of glucocorticoids on the skeleton (39) .
Bisphosphonates are indicated for the prevention and treatment of GIO, and teriparatide is indicated for the treatment of the disease. Alendronate, risedronate and zoledronic acid prevent the early decline in BMD in GIO and increase BMD in patients with established GIO (11, 40) . However, evidence of reduction in vertebral fractures is only available for risedronate and benefit at non-vertebral sites was demonstrated only in observational studies (41) . This is in part due to the fact that incidence of fractures was not a primary endpoint of the studies testing drug efficacy in GIO (33). Bisphosphonates are beneficial since there is a period of increased bone resorption following exposure to glucocorticoids, and their administration serves to stabilize BMD. Their use in pre-menopausal women needs to be considered with caution, since they cross the placenta and may affect embryonic skeletal development. Teriparatide is an option for the treatment of GIO since glucocorticoids have pronounced negative effects on osteoblast differentiation and function, and teriparatide is more effective than alendronate in increasing BMD at the lumbar spine and total hip (42) . Although not a trial endpoint, subjects in the teriparatide arm had substantially less fractures than subjects in the alendronate arm (42) .
Hyperthyroidism, thyroid hormone replacement and suppressive therapy " Euthyroidism is essential for normal skeletal development and linear growth and for the attainment of peak bone mass in early adulthood. Thyroid hormone deficiency in children results in impaired skeletal development and delayed bone age, while hyperthyroidism is associated with accelerated skeletal development and advanced bone age (43) . Both hyperthyroidism and hypothyroidism have been associated with osteoporosis and increased risk of fractures. Thyrotoxicosis results in an increase in bone turnover, shortening of the bone remodeling cycle and uncoupling of bone remodeling, and can cause a loss of up to 10% of mineralized bone per remodeling cycle, while hypothyroidism can lengthen the bone remodeling cycle (44) .
Suppressed serum TSH and a history of hyperthyroidism are associated with an increased risk of hip and vertebral fractures (45, 46, 47) . In addition, ongoing therapy with thyroid hormone replacement is inversely correlated with BMD and increases the risk of fractures even in the presence of euthyroidism (48) . TSH also has direct effects on the osteoclasts and osteoblasts (49) . However, low BMD in peri-menopausal women seems to be dependent on serum levels of free thyroid hormones (50) .
Several factors including age and sex of the patient, duration of treatment with T 4 and the presence of additional predisposing factors may influence the impact of thyroid status on the skeleton, with older postmenopausal women being at the greatest risk for bone loss (45, 51, 52, 53) . There are no specific guidelines for the prevention of bone loss secondary to hyperthyroidism. Supplemental calcium and vitamin D should be administered; and because thyroid hormone increases bone remodeling, antiresorptive agents may be considered in post-menopausal women at an increased risk of fractures.
Hypogonadism and agents inducing hypogonadism " Hypogonadism is associated with bone loss in men and women. It is the main underlying physiological change in post-menopausal women associated with low BMD and idiopathic osteoporosis. Premature menopause and medications, such as aromatase inhibitors and gonadotropin-releasing hormone (GnRH) analogs which cause hypogonadism, are associated with low BMD and increased risk of fractures. The effect of estrogen deficiency related to menopause and its contribution to postmenopausal osteoporosis is beyond the scope of this review which focuses on secondary causes of the disease. Hypogonadism is the most common cause of osteoporosis in men and is present in up to 20% of men with symptomatic vertebral fractures and 50% of elderly men with hip fractures (54) . Both primary hypogonadism and testosterone deficiency due to androgen deprivation therapy are associated with an increased risk of osteoporosis and fractures (54, 55, 56) . Men with osteoporosis may present either with symptomatic or asymptomatic hypogonadism and low serum levels of free testosterone.
Androgens have dual effects on the skeleton; a direct effect through activation of the androgen receptor and an indirect effect, following their aromatization to estrogen, which then signals through activation of estrogen receptor alpha (ERa). In men, the testes account for w15% of circulating estrogens and the remaining 85% is derived from peripheral aromatization of circulating androgen precursors in peripheral tissues. Both androgens and estrogens influence bone resorption in men independently. Androgens also regulate bone formation in men as shown in a study of young transgender men where testosterone treatment resulted in a significant increase in bone formation markers and hip BMD with no significant changes in estradiol (E 2 ) levels, suggesting that this effect of testosterone was independent of its aromatization to estrogens (57) .
Testosterone and 5a-dihydrotestosterone regulate gene expression in osteoblasts and inhibit the resorptive capacity of isolated human and murine osteoclasts in vitro (58, 59 ). In addition, sex hormones influence the secretion of a variety of cytokines and growth factors from skeletal cells including MCSF, and the proinflammatory molecules interleukin 1 (IL1), IL6 and tumor necrosis factor alpha (TNFa), RANKL and OPG, which contribute to the effects of androgens on bone remodeling (58, 60, 61) .
Androgen replacement therapy in hypogonadal men with osteoporosis results in an increase in BMD, and the greatest increase is typically observed during the first year of therapy (62) . As a consequence, androgen replacement therapy may be used in symptomatic patients to control hypogonadal symptoms as well as the skeletal manifestations of hypogonadism. Bisphosphonates are effective in the treatment of male osteoporotic patients with or without hypogonadism (63) . Higher RANKL levels have been reported with low testosterone levels, and the RANKL antibody denosumab is effective in the treatment of men with osteoporosis (64, 65) .
Aromatase inhibitors " Aromatase inhibitors are used in the management of ER positive breast cancer and act by inhibiting the aromatization of androgens, resulting in lower estrogen levels and bone loss. Anastrazole and letrozole are non-steroidal aromatase inhibitors while exemestane is a steroid that binds aromatase irreversibly (66) . Aromatase inhibitors are effective in the treatment of infertility in polycystic ovarium syndrome, although no adverse skeletal effects should be expected following the short duration of exposure for infertility treatment of premenopausal women (66, 67) . In most trials, the effectiveness and adverse event profile of aromatase inhibitors are compared to tamoxifen. Aromatase inhibitors increase biochemical markers of bone turnover, decrease BMD and increase the risk of fractures when compared to tamoxifen (68, 69, 70) . Bisphosphonates and denosumab increase BMD in patients treated with aromatase inhibitors, but data on fracture reduction efficacy following antiresorptive therapy are limited.
Medroxyprogesterone acetate " Depot medroxyprogesterone acetate is an injectable progestogen used as a contraceptive agent and in the treatment of endometriosis. Medroxyprogesterone acetate inhibits gonadotropin secretion, suppressing ovulation and estrogen production by the ovary; and as a consequence, it causes a decrease in BMD. This is reversible following the discontinuation of medroxyprogesterone, and whether there is an increase in the risk of fractures is not established (71) .
GnRH agonists " GnRH agonists are analogs with increased receptor affinity or prolonged half-lives that lead to persistent activation of GnRH receptors and suppression of gonadotropin secretion, with a consequent decrease in ovarian estrogen production. GnRH agonists are effective in the management of endometriosis and infertility in premenopausal women. By suppressing estrogen levels, they cause a decline in BMD; this is reversed following the discontinuation of the GnRH agonist (72, 73) .
GnRH agonists are used as androgen deprivation therapy in patients with advanced carcinoma of the prostate. GnRH analogs reduce serum testosterone and E 2 levels and increase bone turnover causing bone loss and increasing the risk of fractures (74, 75, 76, 77, 78) . Men undergoing androgen deprivation therapy as part of the management of prostate cancer suffer 2-8% loss of vertebral BMD and 2-6% loss of BMD at the femoral neck compared to age-matched controls. The greatest decline in BMD occurs in the first year following initiation of androgen deprivation therapy and is associated with a significant decrease in sex steroid hormone levels and with an increase in bone turnover markers (79, 80) .
Treatment is recommended for patients with osteoporotic fractures or with significant risk factors for fractures (81) . Calcium and vitamin D are indicated. Bisphosphonates are effective in restoring BMD in patients suffering from bone loss secondary to androgen deprivation therapy, but data on fracture reduction are limited (80, 82) . Selective ER modulators, such as raloxifene and toremifene, have beneficial effects on BMD, but are not approved for use in men (83, 84) . Denosumab can prevent
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Hyperparathyroidism " Primary hyperparathyroidism (PHPT) is associated with an increase in the expression of RANKL by cells of the osteoblast lineage and an increase in osteoclast-mediated bone resorption. Although osteoblast activity and bone formation may increase, this is not sufficient to counteract the enhanced bone resorption. Bone turnover markers are normal or mildly elevated. PHPT is associated with cortical bone loss, so that BMD in the distal forearm and the hip are decreased, although trabecular bone may also be affected in PHPT (86, 87) .
There is an increased risk of vertebral, wrist, ankle, rib and pelvic fractures in PHPT (88, 89) . Parathyroidectomy results in normalization of serum calcium levels and an increase in vertebral and femoral BMD. Bisphosphonates and hormone replacement therapy decrease bone remodeling and increase BMD in patients with PHPT (90) . However, fracture data are not available and neither agent lowers serum calcium or PTH levels. Denosumab can correct the hypercalcemia of PHPT and has been used effectively in the treatment of hypercalcemia in patients with parathyroid carcinoma (91, 92, 93, 94, 95) .
Diabetes mellitus " Diabetes mellitus (DM) and impaired glucose metabolism have a detrimental effect on bone metabolism, and both types 1 and 2 DM carry increased risk of fractures; the risk is higher with type 1 than with type 2 DM (96, 97). The risk for fractures is common to both men and women, and increases with the duration of the disease and the use of insulin (97, 98) . Although type 2 DM is associated with an increase in BMD associated with higher insulin and IGF1 levels, there is a higher occurrence of fractures in this population. As fractures occur at higher bone density in diabetics than in non-diabetic patients, BMD cannot predict the risk for fractures accurately in this population (99) . In preliminary studies, trabecular bone score was shown to predict fracture risk in diabetic patients, but its use needs further validation (100). It is important to consider fracture prevention strategies at a relatively earlier stage in patients with DM. Diabetic patients should be counseled on adequate calcium and vitamin D intake, and glycemic control should be optimized to minimize microvascular complications, retinopathy and neuropathy, which may lead to an increased risk of falls and fractures.
Agents that have been used for the treatment of DM, such as thiazolidinediones, are associated with an increased risk of fractures. Thiazolidinediones are insulin-sensitizing drugs that activate peroxisome proliferator-activated receptor gamma, a transcription factor that controls mesenchymal cell allocation by increasing adipogenesis and decreasing osteoblastogenesis (17, 101, 102) . Thiazolidinediones also promote osteoclast differentiation and bone resorption, and patients may experience bone loss and low BMD (103, 104, 105) .
GH deficiency and acromegaly " GH plays an important role in linear growth and attainment of appropriate height and peak bone mass during childhood and adolescence (106) . GH increases bone formation by interacting directly with GH receptors on osteoblasts and via locally produced IGF1. GH deficiency (GHD) has been associated with delayed skeletal maturation and low BMD in patients with isolated GHD as well as in patients with multiple pituitary deficiencies, predominantly through decreased bone formation (107) . Several studies have reported a higher prevalence of osteoporosis and a higher fracture rate in adult onset GHD and morphometric vertebral fractures have been reported in up to half of patients with GHD (108) . Treatment of GHD with GH increases vertebral and femoral BMD over time. Recombinant human GH has a biphasic effect on bone; an initial phase associated with an increase in bone resorption and a decrease in BMD and a second phase characterized by an increase in bone formation and in BMD, usually after 6-12 months of treatment (109) .
Acromegaly is associated with increased bone remodeling, and patients with acromegaly have a significantly higher prevalence of vertebral fractures, which correlate with the duration of the disease and serum IGF1 levels (109, 110) . Radiological vertebral fractures occur in as many as a third of the patients with acromegaly without changes in BMD, so that BMD has limited value in the assessment of these patients. A formal vertebral morphometric analysis is recommended in patients with acromegaly to evaluate for the presence of occult vertebral fractures. Although treatment of acromegaly improves bone health, the increased risk of fractures may persist in patients with hypogonadism and with prior history of vertebral fractures (111) . growth and puberty due to nutritional deficiency and malabsorption (113) . Both symptomatic and asymptomatic patients with celiac disease have low BMD, and tissue transglutaminase antibody IgA seropositivity status is associated with osteoporosis and increased risk of hip fractures (114, 115) . Decreased calcium absorption, the consequent secondary hyperparathyroidism and an increase in the levels of inflammatory cytokines, including TNFa, IL1 and IL6, may be responsible for an increase in bone resorption (116, 117) . Malabsorption of micronutrients may contribute to altered bone metabolism.
Institution and long-term adherence to a gluten free diet improves BMD in children and adults, although BMD is seldom normalized. There is no agreement on when to obtain BMDs in patients with celiac disease, and its value to predict fracture risk has also not been established in this disease (116) . There are no longitudinal studies evaluating the efficacy of bisphosphonates in celiac disease, although their use is common when patients manifest osteoporosis. Gluten free diet and optimal calcium and vitamin D supplementation should be initiated.
Inflammatory bowel disease " IBD is comprised by Crohn's disease and ulcerative colitis, and both are associated with osteoporosis. The prevalence of osteoporosis varies and is related to the severity of the IBD and related comorbid conditions. Osteoporosis can present in more than one-third of patients with established IBD and is associated with an increased frequency of vertebral and hip fractures (118, 119) . Children with IBD may fail to achieve peak bone mass (120) . The mechanisms responsible for the bone loss in IBD include disease-related inflammatory activity and treatment-related side effects, including glucocorticoid therapy, nutritional deficiencies, leading to low BMI and contributing to hypogonadism. Disease severity correlates with fracture risk even after adjusting for corticosteroid use. The risk of fractures is higher in Crohn's disease than in ulcerative colitis (121) .
Serum levels of the pro-inflammatory cytokines TNFa, IL1b, IL6 and IL17 are increased in IBD (122, 123) . These cytokines enhance osteoclastogenesis and bone resorption and inactivation of the TNF type 1 receptor abrogates the effect of TNFa on osteoclastogenesis in bone marrow macrophage cultures, suggesting that increased TNF production contributes to the bone loss found in patients with IBD (124, 125). This is substantiated by studies demonstrating that treatment of patients with IBD with the anti-TNFa antibody infliximab improves vertebral BMD (126) .
Ongoing treatment with glucocorticoids contributes to the bone loss and increased risk of fractures (127) . In prospective studies in children and adolescents, greater lifetime prednisolone exposure correlates with lower lumbar spine BMD, reflecting both a more active disease and the effects of glucocorticoids (120, 128, 129) .
Vitamin D deficiency is common in patients with Crohn's disease, particularly in patients with prior ileal resection (130, 131) . Lower calcium intake and absorption, as well as vitamin K nutritional deficiencies, may contribute to the bone loss (132) .
Patients with IBD should be evaluated for osteoporosis, and calcium and vitamin D intake need to be optimized. Patients should be maintained on the lowest dose of glucocorticoids needed to maintain the disease in remission, and antiresorptive therapy should be used in patients with osteoporosis and fractures.
Gastric bypass surgery " In the past decade, there has been an increase in the number of cases undergoing bariatric surgery, a surgical procedure associated with bone loss. The surgical technique used may play a role in the bone loss. Osteoporosis and osteomalacia, resulting from defective mineralization are long-term complications of gastrectomy. Surgical techniques that result in malabsorption lead to malnutrition, calcium and vitamin D deficiency with consequent secondary hyperparathyroidism, all of which contribute to bone loss. Vitamin D supplementation is recommended in these patients.
Although there is a higher prevalence of osteopenia and vertebral fractures in patients following gastric bypass surgery, the exact risk for osteoporosis and fractures is unknown (133) . Patients undergoing bypass surgery have low BMD, but there are technical limitations of the dual energy X-ray absorptiometry technology in this population due to the weight of the patients. There is a lack of long-term prospective data on BMD in this patient population. Therefore, it is difficult to determine the impact of the surgery on BMD.
Eating disorders " Anorexia nervosa is associated with significant weight loss, hypogonadotropic hypogonadism with amenorrhea, low BMD and an increased risk of fractures (134) . Both cortical and trabecular bone are affected, bone accrual during growth is slow and peak bone mass is low. Serum markers of bone formation are suppressed and markers of bone resorption are increased suggesting that bone formation is uncoupled from bone resorption. The best strategy to improve bone health is to regain weight and ovarian function. Oral estrogen-progesterone combinations are not effective in increasing BMD in adults or adolescents with anorexia nervosa. However, physiological estrogen replacement as transdermal E 2 with cyclic progesterone increase bone accrual rates in adolescents with anorexia nervosa, leading to maintenance of BMD. Risedronate also increases vertebral and hip BMD, but bisphosphonates should be used with great caution in women of reproductive age, given the long half-life of bisphosphonates and potential for teratogenicity (135) .
Hemochromatosis and other chronic liver diseases "
Hemochromatosis is a relatively common genetic disorder, which results in iron overload and iron deposition in several tissues including the liver, pancreas and the pituitary gland. Osteoporosis can be prevalent in onequarter to one-third of patients with hemochromatosis (136) . Several factors contribute to osteoporosis in patients with hemochromatosis including secondary hypogonadism, liver failure and vitamin D deficiency. Iron also has direct toxic effects on the skeleton, resulting in increased bone resorption and decreased bone formation (137). It is not known whether the treatment of hemochromatosis restores skeletal architecture or BMD. At present, guidelines for post-menopausal and male osteoporosis are recommended for the management of osteoporosis in these patients.
Metabolic disturbances of bone are associated with chronic liver diseases particularly those affected by cholestasis, such as primary biliary cirrhosis and primary sclerosing cholangitis (138) . The mechanisms responsible for osteoporosis in chronic liver disease are complex and include malnutrition, glucocorticoid use, vitamin D deficiency and hypogonadism, as well as complications that follow liver transplantation (138) . Patients with end stage liver disease are at significant risk of bone loss and 40-60% present with BMD in the osteopenic or osteoporotic range and nearly 25% suffer fragility fractures of the spine or ribs (139) . The prevalence of osteoporosis/osteopenia in patients with primary biliary cirrhosis is 20-40% depending on the stage of the disease; and about 10-20% of this patient population presents with fragility fractures (140, 141) . Management consists of decreasing risk factors and possible anti-fracture intervention, although data on the efficacy of therapeutic intervention in chronic liver disease are limited. There is evidence that bisphosphonates increase BMD in patients with chronic liver disease, but the number of patients studied is too limited to demonstrate anti-fracture efficacy (142, 143, 144) .
Hepatitis C is a common form of hepatitis, and 5-20% of patients will progress to develop cirrhosis (145) .
However, even in the absence of cirrhosis, patients with chronic hepatitis C infection present with osteopenia or even osteoporosis, as defined by low BMD (146, 147) . The mechanisms responsible have not been established, although chronic inflammation may play a role. There is no apparent increase in the incidence of fractures in patients with hepatitis C infection without cirrhosis and some studies have reported normal BMD in wellnourished patients with hepatitis C infection (147, 148) . However, hepatitis C infection may contribute to the risk of fractures among patients with human immunodeficiency virus (HIV) infections (149) .
Hematological disorders and osteoporosis
Monoclonal gammopathy of uncertain significance " Monoclonal gammopathy of uncertain significance (MGUS) is characterized by an overproduction of monoclonal protein and an imbalance in bone remodeling that leads to diffuse bone loss. MGUS and multiple myeloma are common causes of osteoporosis associated with fragility fractures. MGUS is characterized by a plasma cell content of !10% in the bone marrow, a monoclonal (M) protein spike of %30 g/l and no end organ damage (absence of skeletal lytic lesions, hypercalcemia, renal insufficiency, anemia and bone lesions) (150) .
MGUS patients are at increased risk for osteoporosis, vertebral and hip fractures, and a higher prevalence of MGUS is found in patients older than 50 years of age who present with hip fractures (151, 152, 153, 154, 155) . Typically, MGUS is associated with increased bone resorption and reduced bone formation, and the Wnt antagonists, Dickkopf-1 (Dkk-1), soluble frizzled related proteins 2 and 3 and sclerostin have been associated with skeletal disease and bone loss (156, 157, 158, 159, 160, 161) . Wnt signaling enhances osteoblast differentiation and suppresses osteoclastogenesis, thereby contributing to the maintenance of bone mass. Interference of Wnt signaling by Wnt antagonists and an increase in RANKL by inflammatory cytokines contribute to the bone loss in MGUS (162) .
Current guidelines do not recommend the use of bisphosphonates in patients with MGUS. Alendronate and zoledronic acid cause a significant increase in BMD in patients with MGUS, but no data are available on fracture risk reduction by these agents (163, 164) .
Multiple myeloma " Multiple myeloma is a plasma cell disorder, characterized by bone marrow infiltration with clonal plasma cells, production of monoclonal immunoglobulin and end organ damage including lytic lesions
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www.eje-online.org in bone with hypercalcemia, renal impairment and bone marrow involvement with anemia. The clonal proliferation results in classic lytic lesions and reduced bone mass due to increased bone resorption and decreased bone formation. Myeloma cells achieve these effects through the production of several cytokines, such as IL6 and IL7, leading to an increase in RANKL production by bone marrow stromal cells and an increased degradation of OPG. This results in an increased RANKL/OPG ratio, the differentiation of osteoclast precursors and enhanced bone resorption (165, 166) . The expression of the Wnt antagonists, Dkk-1 and secreted frizzled protein-2, are increased in myeloma explaining the decrease in osteoblastogenesis through an inhibition of Wnt signaling (159, 167) . The net effect of these changes is decreased bone formation and increased bone resorption, leading to osteoporosis. Bisphosphonates and targeted therapies for myeloma help reduce osteolysis and the risk of fractures (168) . Denosumab may be an alternative for the prevention of skeletal-related complications in patients with multiple myeloma with impaired renal function since the drug is not metabolized or excreted by the kidneys (169).
Systemic mastocytosis " Systemic mastocytosis is a hematologic condition commonly associated with reduced bone mass and osteoporosis, and is present in w9% of bone biopsies from men with idiopathic osteoporosis (170) . Vertebral compression fractures are relatively common in men and women with systemic mastocytosis (171) . Generally, there is greater bone loss at the spine than at the hip. Spine X-rays and BMD are warranted in patients with or without skin involvement and particularly in males. Diagnosis is based on an elevated serum tryptase level and increased 24-h urine excretion of N-methylhistamine, but diagnosis requires histologic confirmation demonstrating mast cell infiltration in the bone marrow as well as the finding of c-KIT mutations. Systemic mastocytosis is frequently associated with mutations of the KIT receptor tyrosine kinase (c-KIT), leading to the constitutive activation of c-KIT in most cells (172) . Therefore, genetic analysis of c-KIT in patients with mastocytosis can be of diagnostic value. The proximity of the mast cell to bone remodeling surfaces and the production of chemical mediators and cytokines, such as histamine, prostaglandins, leukotrienes and cytokines (IL1, IL3 and IL6) contribute to the skeletal pathology (173) . Patients have higher levels of IL6 and RANKL leading to an increase in bone resorption and higher levels of serum sclerostin possibly contributing to a decrease in Wnt signaling and bone formation (174) . However, the mechanisms responsible for osteoporosis and increased fracture risk need further study so that targeted therapies can be evaluated. Bisphosphonates such as alendronate, pamidronate and zoledronic acid can improve BMD and decrease bone resorption in patients with mastocytosis (175, 176) .
Beta thalassemia major " Thalassemias comprise a group of inherited disorders of hemoglobin synthesis, and mutations in the BGLOBIN gene lead to defective b globin production and anemia. The care of these patients with transfusions and iron chelation has improved patient survival; and as a result, thalassemia major is now associated with osteoporosis. This is a prominent cause of morbidity among affected patients (177) . The etiology of the osteoporosis is multifactorial. Enhanced bone resorption and remodeling and suppressed osteoblastic function with bone loss and increase risk of fractures occur in patients affected with thalassemia major. Bisphosphonates decrease bone remodeling and increase BMD in patients with thalassemia major, although it is not known whether fracture risk is decreased with bisphosphonate therapy (178) .
Renal causes of secondary osteoporosis
Idiopathic hypercalciuria " Idiopathic hypercalciuria is associated with a 24-h urinary calcium excretion in excess of 4 mg/kg in women or of 4.5 mg/kg in men without an underlying cause. Idiopathic hypercalciuria is associated with low BMD and an increased prevalence of fractures, as calcium excretion is higher than absorption, resulting in a net calcium loss. In the Third National Health and Nutrition Examination Survey, men with a history of kidney stones were found to have lower femoral neck BMD, elevated markers of bone turnover and an increased risk of wrist and vertebral fractures (179, 180, 181) . IL1, IL6 and TNFa are increased in hypercalciuria and are associated with elevated markers of bone turnover (182) .
The bone loss associated with idiopathic hypercalciuria may be caused by a primary disorder of bone formation or resorption, or may be secondary to the abnormal renal handling of calcium and sodium. The underlying mechanisms of the bone loss are not entirely known. Idiopathic hypercalciuria is characterized by increased intestinal calcium absorption, increased bone resorption and decreased renal tubular calcium reabsorption (180) . Higher circulating 1,25-dihydroxyvitamin D 3 levels and an increased expression of the vitamin D receptor in monoctyes occur in the majority of patients
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www.eje-online.org with hypercalciuria and renal stones (183, 184) . Studies in genetic hypercalciuric stone forming rats show a decrease in urinary calcium excretion with bisphosphonates, suggesting that the increase in urinary calcium is secondary to enhanced bone resorption (185) . Patients with idiopathic hypercalciuria are managed with thiazides to reduce calcium excretion and bisphosphonates to inhibit bone resorption when osteoporosis is present. Bisphosphonates also reduce urinary calcium excretion in normal and hypercalciuric patients (186, 187) . Thiazides act by stimulating calcium reabsorption in the distal convoluted tubule and also stimulate osteoblast differentiation with a reduction in stone recurrence rate, osteoporotic fractures and an increase in BMD (186, 188, 189, 190, 191, 192, 193, 194, 195) .
Renal tubular acidosis " Renal tubular acidosis (RTA) is a metabolic acidosis caused by either a reduced capacity of the proximal tubule of the kidney to reabsorb the filtered bicarbonate load (proximal) or a reduced capacity of the distal renal tubule to acidify the urine maximally (196) . When the hydrogen ion load is greater than the normal daily acid load, bone buffers the hydrogen ions. This may result in a spectrum of metabolic bone disorders ranging from osteomalacia (with proximal RTA) to osteoporosis (with distal RTA) and fractures. Defective renal acidification may lead to an osteoblast-mediated activation of osteoclasts and a compensatory mobilization of alkali and calcium from bone resulting in bone loss (197, 198) . Calcium reabsorption in the cortical collecting tubule is also reduced in RTA resulting in a negative renal calcium balance. Electrolyte abnormalities including increased chloride (O110 mEq/l) and low bicarbonate (!18 mEq/l) raise suspicion for RTA, and patients should be evaluated with arterial blood gases and a determination of urinary pH.
RANKL, TNFa and prostaglandins have been implicated in acid-induced, cell-mediated net calcium efflux from bone (196, 199) . Simultaneous inhibition of RANKL and TNFa reduce the acid-induced, cell-mediated net calcium efflux from bone in in vitro studies. There are no studies evaluating the role of antiresorptive therapy in RTA.
Chronic kidney disease " The etiology of osteoporosis and fractures in chronic kidney disease (CKD) is multifactorial. The diagnosis of osteoporosis can be made in stages 1-3 CKD only on the basis of a low BMD or a fragility fracture, in the absence of concomitant metabolic abnormalities that suggest the presence of CKD-mineral and bone disorders (200) . The metabolic bone disorder encompasses systemic derangements in bone mineralization and turnover associated with systemic vascular calcifications. CKD patients are more likely to fracture because they are at an increased risk for falls from muscle weakness and impaired balance secondary to poor nutrition, inactivity, myopathy and peripheral neuropathy (201) . A detailed discussion of renal osteodystrophy is beyond the scope of this review, and reviews of this disorder have recently been published (202) .
Autoimmune disorders and osteoporosis
Rheumatoid arthritis " RA is a chronic inflammatory disease associated with marginal joint erosions, periarticular osteopenia and systemic osteoporosis. Patients with RA have a two-to threefold increased risk of hip and vertebral fractures (203, 204) . Underlying disease activity and ongoing use of glucocorticoids can contribute to bone loss and risk for fractures. Several cytokines involved in RA-associated inflammation such as IL1, IL6 and TNFa can promote osteoclastic activity. Increased RANKL/OPG ratio, elevated bone turnover markers and sedimentation rate are predicators of rapid and persistent bone loss and articular erosions in patients with RA (205) .
Anti-TNF antibodies, used in the treatment of the inflammatory process in RA decrease the systemic bone loss (206) . Increased levels of Wnt antagonists, DKK-1 and sclerostin also contribute to the decreased bone formation leading to bone loss; IL6 inhibitors reverse these changes (207, 208) .
Bisphosphonates are used in the treatment of osteoporosis associated with RA. In a meta-analysis evaluating the use of bisphosphonates on BMD and prevention of vertebral and non-vertebral fractures, a significant reduction in incident vertebral fractures was observed after 18 months of bisphosphonates when used for prevention and after 36 months when used for treatment with preservation of BMD (209) .
Systemic lupus erythematosus " Low BMD occurs in up to 50% of female patients with SLE in the premenopausal age. Race, glucocorticoid intake and cumulative corticosteroid exposure and use of anticoagulants such as heparin are predictors of reduced BMD and osteoporosis (210, 211) . Other factors such as immunosuppressive drugs, limited physical activity and vitamin D deficiency contribute to the reduced bone mass. A 10-12% increased risk of fractures is reported in SLE patients. Osteoclast-inducing inflammatory cytokines such as IL6, soluble IL6 receptor, IL1 and TNFa are elevated in SLE and contribute to the bone loss. There is higher incidence of vitamin D Ankylosing spondylitis " Ankylosing spondylitis (AS) is a relatively common cause of chronic arthritis that predominantly affects men. Osteoporosis is seen in up to 25%, and osteopenia in up to 50%, of patients with AS with a higher incidence of both vertebral and nonvertebral fractures (213) . The etiology of osteoporosis in patients with AS is multifactorial with systemic inflammation mediated by TNFa being the most important etiologic factor. Both RANKL induction possibly by TNFa and decrease in Wnt signaling have been implicated in the osteoclast-mediated bone resorption and the dysregulated bone formation in AS; TNFa inhibitors increase vertebral and hip BMD in this condition (214) .
Multiple sclerosis " Multiple sclerosis is a chronic demyelinating neurologic condition frequently associated with significant disability and limitation of physical function. Osteoporosis occurs frequently in male and female patients with multiple sclerosis (215) . Factors contributing to the low BMD in this population include vitamin D deficiency, glucocorticoid therapy and female gender. Degree of functional impairment, advanced age and duration of disease also contribute significantly to the low BMD found in these patients (216) . Studies comparing BMD between ambulatory patients with multiple sclerosis and healthy control subjects do not show significant differences in BMD (217) . However, the level of disability in patients with multiple sclerosis, as measured by the Expanded Disability Status Score, correlates strongly with BMD at the lumbar spine and femoral neck (218) .
Drug-induced osteoporosis
Drug-induced osteoporosis is common and can be caused by a variety of pharmacological agents, including those used for the treatment of endocrine, central nervous system (CNS), immune, cardiovascular and gastrointestinal disorders (Table 2) .
Hormones and agents with actions on the endocrine system " Glucocorticoids, thyroid management therapy, and agents that induce hypogonadism and thiazolidinediones are discussed under the section 'Endocrine causes of osteoporosis'.
Drugs with actions on the CNS " Drugs with direct effects on the CNS may have deleterious effects on the skeleton and include antidepressants and anticonvulsants.
Antidepressants " The use of selective serotonin and norepinephrine reuptake inhibitors (SSRI/SNRI) for the treatment of depression can be associated with bone loss and an increase in the risk of fractures in individuals R50 years of age (219, 220) . The mechanism remains controversial although subjects on SSRI and SNRI exhibit increased biochemical markers of bone remodeling (221) . There are no specific guidelines for the prevention of the bone loss associated with SSRI/SNRIs, but screening for osteoporosis should be considered.
Anticonvulsants " Patients with epilepsy are at an increased risk of fractures, and epilepsy itself or its treatment may influence the pathogenesis of fractures (222) . Prospective studies have demonstrated a greater decrease in BMD in women R65 years of age on anticonvulsants, but many confounders exist in these studies and fractures also are associated with seizure activity (223, 224) . Anticonvulsants may cause bone loss, but mechanisms responsible are not clear. There is accelerated vitamin D metabolism with certain anticonvulsants and this could lead to low 25-hydroxyvitamin D 3 levels, high bone turnover and secondary hyperparathyroidism increasing the risk of fractures (225, 226) . These changes correlate with the type of anticonvulsant and duration of the treatment. Moreover, there is limited understanding of the pathogenesis of this skeletal disorder so that diagnostic and therapeutic guidelines are not established. Antiepileptic agents known to induce the liver enzymes cytochrome P450 (CYP450) and uridine 5 0 -diphospho-glucuronosyltransferase include phenytoin, carbamazepine and phenobarbital, and at high doses topiramate (227) . Use of these agents is associated with greater risk of fractures than use of non-enzyme inducing antiepileptic drugs (228) . The mechanism involves hydroxylation of specific residues leading to the inactivation of 1,25-dihydroxyvitamin D 3 (229) . Similarly, polytherapy is associated with increased risk of fractures. A recent meta-analysis revealed a weak and non-significant association between the use of carbamazepine, valproic acid and gabapentine and fracture risk, and an increase risk of fractures with liver enzyme inducing drugs; namely, phenobarbiturate, topiramate and phenoytoin, of 40-80% (228) . There has (230) . Anticholinergic drugs are frequently used in an elderly population for the treatment of a variety of conditions. In a large, population-based cohort of Canadians older than 50 years old, it was found that the use of anticholinergic medications appeared to be associated with an increased risk of falling and non-traumatic fractures in unadjusted analyses; however, after adjusting for confounding variables, there was not a significant association (231) . Similarly, an accelerated decline in femoral neck BMD was seen in anticholinergic medication users, but this decline was accounted for by factors other than anticholinergic drug use and after covariate adjustment, no significant association was seen (231) .
Drugs with actions on the immune system " Calcineurin inhibitors " Calcineurin inhibitors are immunosuppressants used in combination with glucocorticoids in patients undergoing organ transplantation and are associated with an increase in fracture risk (232) . Calcineurin inhibitors decrease osteoclastogenesis and bone resorption in vitro (233) . However, mouse models harboring either the activation or downregulation of calcineurin have generated conflicting results (234, 235) . Calcineurin is a phosphatase that dephosphorylates nuclear factors of activated T-cells (NFATs). Nfatc1 is critical for osteoclast formation, and studies from our laboratory have revealed a direct inhibitory effect of Nfatc1 and Nfatc2 on osteoblastogenesis (236, 237, 238) . Accordingly, the conditional inactivation of calcineurin in osteoblasts causes an increase in bone formation and a decrease in bone resorption (235) . These observations do not explain the bone loss observed in humans treated with calcineurin inhibitors suggesting that the calcineurin/NFAT axis may not be responsible for the bone disease observed. Alternate targets of calcineurin or the concomitantly administered glucocorticoids may be responsible for the negative impact on skeletal homeostasis. Moreover, patients undergoing liver transplantation may present with osteoporosis, osteopenia or even vertebral fractures prior to transplantation (239) . These observations would incriminate the underlying disease as the cause of the bone loss and fractures. Importantly, there is no association between BMD and fractures, highlighting the fact that post-menopausal osteoporosis diagnostic criteria are often not applicable to secondary osteoporosis. Since bone loss occurs prior to, or in the initial months of, immunosuppressive therapy, treatment should be instituted early. Calcium and vitamin D supplementation, and antiresorptive agents should be considered for the prevention of bone loss after transplantation (240) .
Antiretrovial therapy " Antiretroviral agents are used to treat patients affected by infections with HIV. Crosssectional studies have shown a three-to sevenfold increase in the risk of osteoporosis in patients with HIV infection and an increased risk of fractures in men and women with HIV infection (241) . Patients with HIV infection, secondary to illicit drug use may be more exposed to trauma and consequent fractures than the general population. In addition, hepatitis C infection is a co-morbidity and may contribute to the risk of fractures in patients with HIV infections (149) . A recent meta-analysis revealed that patients with HIV infection had a 1.35 incidence rate ratio of fragility fractures compared to controls (242) . Predictors of fractures included older age, white race, low BMI, diabetes, liver disease, alcohol, tobacco and substance abuse. Chronic inflammatory conditions found in patients with HIV infection may be associated with increased RANKL expression and enhanced bone turnover. Antiretroviral agents also may cause bone loss although the mechanisms may vary (243) . Tenofovir may alter renal function and cause secondary hyperparathyroidism with increased bone resorption. Non-nuclease RT inhibitors are associated with decreased serum levels of vitamin D and protease inhibitors may impair Wnt signaling and decrease osteoblastogenesis (241) . Patients with HIV infection treated with tenofovir and certain protease inhibitors suffer greater losses of BMD but the relevance to fracture risk has not been determined. Guidelines for the management of antiretroviral therapy-induced bone loss are available from the European Aids Clinical Society.
Anticoagulants " Heparin is effective in the prevention and treatment of thromboembolic disorders. In vitro, heparin inhibits the differentiation and function of osteoblasts, and in vivo it decreases bone formation and increases bone resorption (244, 245) . Heparin binds to OPG, the decoy receptor for RANKL, allowing RANKL to induce osteoclastogenesis (245, 246) . About one-third of patients receiving long-term therapy with heparin display a decrease in BMD, but fractures seldom occur and are less frequent in patients on low-weight heparin than on unfractioned heparin (247, 248, 249) .
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Oral anticoagulants are often used to prevent or treat thromboembolic phenomena, and their effects on bone metabolism are controversial. Anticoagulants with vitamin K antagonist activity, such as warfarin, interfere with g-carboxyglutamate formation, and consequently inhibit the accumulation of osteocalcin in the extracellular bone matrix (250) . Although these are potentially negative effects, evidence that warfarin causes osteoporosis and fractures is insufficient (251, 252) .
Diuretics " Loop diuretics are used in the management of congestive heart failure, which itself is associated with an increased risk of fragility fractures (253) . Loop diuretics inhibit sodium and chloride reabsorption and inhibit calcium reabsorption, increasing its renal excretion (254) . This results in increased bone turnover, decreased BMD and increased risk of osteoporotic fractures (255, 256) . In contrast, thiazide diuretics cause calcium retention and an increase in serum calcium, and have modest or no effects on BMD or risk of fractures (257) .
Drugs with actions on the gastrointestinal tract " Proton pump inhibitors " Proton pump inhibitors are commonly used in the management of disorders of the upper gastrointestinal tract. By increasing gastric pH, they may decrease calcium absorption and have negative effects on skeletal homeostasis. However, their impact on BMD or fragility fractures is controversial (258) . A large prospective population based Canadian Multicenter Osteoporosis Study and the Women's Health Initiative Observational Study reported a modest association between long-term proton pump inhibitor use and risk of fragility fractures (259, 260, 261) . Although the effect of proton pump inhibitors on fracture risk is modest, it is reasonable to treat these patients with supplemental calcium and vitamin D. A calcium supplement that can be absorbed in the presence of proton pump inhibitors should be considered.
Summary and recommendations
Patients with osteoporosis frequently have underlying causes for the disease and should be evaluated for their presence. A modification of factors contributing to the bone loss may reverse the bone loss and fracture risk. It is common to find suboptimal calcium and vitamin D intake in these patients, deficiencies that are easily correctable. Basic laboratory evaluation should be considered in all patients, and further testing can be done based on clues from history and initial evaluation to look for causes of bone loss (see Table 3 ). However, it is important to consider that the prevalence of secondary osteoporosis in patients with fractures is relatively low, particularly among post-menopausal women, and the laboratory costs may be substantial (262) . When a drug is responsible for the bone loss, an effort should be made to use the lowest dose of the medication, as in the case of glucocorticoids so that the risk of bone loss and fracture risk is minimized.
The validity of BMD as a predictor of fractures has not been established in patients with secondary causes of osteoporosis. Fractures may occur at reasonably normal BMDs limiting the value of BMD in these patients. Treatment interventions may vary depending on the cause of bone loss since the underlying cause may influence the response to therapy. Whereas therapies directed to the treatment of osteoporosis may be effective, treating the underlying disease is essential for a successful outcome.
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